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Abstract—The objective of the study was to consider five methods for valuing health states with respect 
to their comparability (convergent validity, value functions) and reliability. Valuation tasks were per­
formed by 104 student volunteers using five frequently used valuation methods: standard gamble (SG), 
time trade-off (TTO), rating scale (RS), willingness-to-pay (WTP) and the paired comparisons method 
(PC). Throughout the study, the EuroQoI classification system was used to construct 13 health-state 
descriptions. Validity was investigated using the multitrait-multimethod (MTMM) methodology. The 
extent to which results of one method could be predicted by another was examined by transformations. 
Reliability of the methods was studied parametrically with Generalis ability Theory (an ANOVA exten­
sion), as well as non-parametrically. Mean values for SG were slightly higher than TTO values. The RS 
could be distinguished from the other methods. After a simple power transformation, the RS values 
were found to be close to SG and TTO. Mean values of WTP were linearly related to SG and TTO, 
except at the extremes of the scale. However, the reliability of WTP was low and the number of incon­
sistencies substantial. Valuations made by the RS proved to be the most reliable. Paired comparisons 
did not provide stable results. In conclusion, the results of the parametric transformation function 
between RS and SG/TTO provide evidence to justify the current use of RS (with transformations) not 
only for reasons of feasibility and reliability but also for reasons of comparability. A definite judgement 
on PC requires data of a complete design. Due to the specific structure of the correlation matrix which 
is inherent in valuing health states, we believe that full MTMM is not applicable for the standard 
analysis of health-state valuations. ©  1997 Elsevier Science Ltd. All rights reserved
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INTRODUCTION
It is no longer sufficient to gather data on mortality 
and medical disease-specific parameters to evaluate 
the burden of disease and the effects of medical 
interventions from a societal perspective. Data on 
economic costs and on health status is also 
required. Considerable effort has been invested in 
the development of general indicators which allow 
for valid comparison of health status effects across 
different diseases. It is generally agreed that such in­
dicators shouid be derived from a comprehensive 
concept of health, covering at least the physical, 
psychological and social domains. Several indicators 
are currently available, some of them suitable for 
use in economic cost-utility analysis.
The following three-stage procedure is frequently 
used to incorporate health status effects in utility 
analyses (Brooks, 1995; Essink-Bot, 1995). In stage 
I, the course of a disease is divided into broadly 
homogenous phases and patients’ health status in
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each phase is measured using a descriptive system. 
In stage II, the health status descriptions that corre­
spond to the disease phases are formally valued. 
Results from stage I and II can then be combined 
with duration data in stage III to calculate quality- 
adjusted life-years as an outcome measure.
The valuation of health states (stage II), forms a 
critical part of this three-stage approach. Several 
valuation methods (methodologically labelled: scal­
ing methods; Froberg and Kane, 1989a) exist, each 
with their own theoretical framework and concep­
tual position. We investigated five established 
health-state valuation methods. First, we looked at 
a common rating scale, a seemingly simple method. 
Second, we investigated two economic methods, 
standard gamble (considered to be the approximate 
operationalisation of game theory) and willingness- 
to-pay, each referred to as trade-off methods. From 
an economic point of view willingness-to-pay can 
be considered to be the superior quantification of 
non-monetary aspects of disease (Thompson et al., 
1982; Thompson et al.y 1984; Gafni, 1991; O’Brien 
and Gafni, 1996). We also investigated another 
trade-off method, the time trade-off. This method 
occupies a position in between, i.e. being considered 
as more feasible than standard gamble and more
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“realistic” than the rating scale. As a fifth method 
we added paired comparisons, a common psycho­
metric indirect scaling method. Paired comparisons 
is considered to be the best scaling method from a 
cognitive point of view. It is based on less compli­
cated binary choices instead of the direct assess­
ments that are required for the other four methods. 
Paired comparisons is based on measurement the­
ory (Torgerson, 1958) and was used in one of the 
first studies which focused on the elicitation of 
valuations for health states (Fanshel and Bush, 
1970).
Throughout the experiment, the EuroQoI classifi­
cation was used and all the design features of the 
EuroQoI valuation questionnaire were applied, 
except those related to the valuation technique 
(EuroQoI Group, 1990). The generic EuroQoI 
descriptive system for health states is suitable for all 
valuation methods and has been used extensively in 
fundamental and applied valuation research 
(EuroQoI Group, 1990; Essink-Bot et al., 1993; Agt 
van et a l, 1994; O’Hanlon et a l, 1994; Selai and 
Rosser, 1995).
A few studies have focused on to the simul­
taneous comparison of more than two methods 
(Torrance, 1976; Bombardier et a l, 1982; 
Llewellyn-Th omas et al., 1982; Sutherland et a l, 
1983; Read et al,, 1984; Hornberger et al> 1992; 
Bass et a l 1994; O’Brien and Viramontes, 1994). 
Most studies only partially standardised the stimuli 
and the testing conditions, hampering the interpret­
ation of interstudy differences and preventing repli­
cation. In the experimental study described here we 
have tried to pay close attention to differences 
caused by the methods themselves instead of unin­
tentional local conditions.
Most of the theoretical assumptions underlying 
the current valuation methods, though tenable, 
have yet to be empirically proved and there is evi­
dence that some of the assumptions need adjust­
ments (Johannesson et a l 1994; Verhoef et a l, 
1994; Gafni, 1995; Wakker and Stiggelbout, 1995; 
Bleichrodt, 1996; Stalmeier et a i, 1996). However, 
the present study is not oriented towards the testing 
of the underlying assumptions of the five methods. 
This paper essentially focuses on two questions: (1) 
to what extent do the five valuation methods yield 
comparable results, and (2) which of the methods is 
statistically the most reliable?
The first question deals partially with the validity 
of the methods. Validity encompasses three main 
aspects each with a rather broad scope: content val­
idity, criterion-related validity and construct val­
idity. Content validity refers to the question: “Is the 
instrument really measuring what we intend to 
measure?” For the purpose of this study, this 
implies a discussion about the “real” meaning and 
interpretation of values elicited by valuation 
methods. Are they really representing individual ex­
pressions of health-state preferences? Criterion-
related validity is only applicable if one method can 
be identified as superior, i.e. a “gold standard”. As 
these issues are part of an ongoing debate (Froberg 
and Kane, 1989b; Nord, 1992), content and cri­
terion-related validity were not investigated directly 
in this study. Here we are primarily dealing with 
convergent validity which may be regarded as a 
type of construct validity. Convergent validity was 
studied by examining equivalence and comparabil­
ity. First, we investigated the equivalence of the 
valuation methods, e.g. are particular health states 
absolutely valued equally by different valuation 
methods? Second, we investigated comparability, a 
broader concept related to the relative relationship 
between valuation methods. Equivalence was tested 
by comparisons of raw values, comparability allows 
for (restricted) transformation of data (e.g. value 
functions).
As part of a recently proposed standard approach 
to the comparison of methods (Streiner and 
Norman, 1995), we studied the different sources of 
measurement error which enabled us to reveal the 
reliability of the valuation methods in detail.
MATERIAL AND METHODS
The health-state descriptions
For the description of health states we used the 
classification developed by the EuroQoI Group 
(Brooks, 1996). The EuroQoI classification describes 
health status according to five dimensions: mobility, 
self-care, usual activities, pain/discomfort and 
anxiety/depression. Each dimension has three levels, 
i.e. “no problems” (1), “some problems” (2), 
“severe problems” (3). “Holistic”, “comprehensive” 
(Froberg and Kane, 1989a) health-state descriptions 
are composed by taking one level for each dimen­
sion (e.g, the best health state is represented by 
11111). Theoretically this set . of dimensions and 
levels of the EuroQoI instrument allows for 243 (35) 
different health-state descriptions (“vignettes”). The 
EuroQoI Group selected 11 of these vignettes as a 
standard set for experiment and study. Two health 
states were added in the present experiment as pre­
vious results indicated that the original set did not 
evenly cover the continuum between 0 (zero) and 
100. Within each separate experiment, the vignettes 
to be valued were presented in a randomised order 
to avoid memory effects.
Short description of the five valuation methods
Rating scale (RS). The rating scale used in this 
study was the EuroQoI “thermometer”. This rating 
scale is presented as a vertical thermometer with a 
scale from 0 to 100. The anchors were labelled 
“best imaginable health state” at the top of the 
thermometer (100) and the “worst imaginable 
health state” at the bottom (0). The participants’
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task was to locate 13 different vignettes on a scale 
between the two anchors to represent their prefer­
ence, in such a way that the intervals between the 
positions of the vignettes corresponded to the differ­
ences in preference as perceived by the participant. 
The task required the respondents to locate all the 
vignettes on the same scale.* This scaling task dif­
fered from the other three direct valuation methods 
(standard gamble, time trade-off, willingness-to- 
pay), which required the health states to be valued 
separately.
Standard gamble (SG)
The standard gamble method comprises an itera­
tive paired comparison. SG involves making choices 
under conditions of uncertainty. Participants have 
to reach a point of indifference between the two 
alternatives by varying one of them using a “ping- 
pong” strategy. Conventionally, SG is operationa­
lised as a choice between being in a specific lifelong 
stationary impaired health state (the state to be 
valued) or a hypothetical procedure with two out­
comes: a probability (p) of instantaneous and last­
ing improvement to perfect health; or a 
complementary probability (1 —p) of, convention­
ally, immediate death. By varying the /?-level of the 
uncertainty outcome, the point of indifference 
between the two alternatives is determined. The 
value (utility) of the stationary state is defined as 
the probability p at the indifference situation. SG is 
regarded as a valid operationalisation of the von 
Neuman-Morgenstern utility gamble (Neumann 
von and Morgenstern, 1953; Cohen, 1996).
The descriptions of the best outcome, generally 
described as “perfect health” or “optimal health” in 
other studies, were phrased as “best imaginable 
health state” in the present study. Our operationali­
sation of SG differed from most publications in the 
choice of the lower anchor point in the gamble. We 
replaced “being dead” with the “worst imaginable 
health state” primarily for reasons of standardis­
ation between methods. This choice can be justified 
based on the assumptions of the method (Torrance, 
1986; Llewellyn-Thomas et aL, 1982). It was clearly 
stressed to the participants that both outcomes aris­
ing from the gamble would involve chronic health 
states. Values obtained in this way require a linear 
rescaling factor to be comparable with values 
obtained with the standard SG, assuming perfect 
scalability of “dead” and the “worst imaginable 
health state” on the assumed health continuum 
(Krabbe et al., 1996).
♦Usually the application of RS implies that for each 
stimulus valuation a separate rating scale is used. Here 
the health states were valued simultaneously in two 
sets of vignettes on facing pages, with on each page a 
vertical scale.
Time trade-off (TTO)
This method was developed by Torrance as a less 
complicated, conceptually different although equally 
sound alternative to SG. Like SG, time trade-off is 
based on trade-offs, but the concept of uncertainty 
is omitted. Participants trade-off survival time and 
health status. In the conventional operationalisa­
tion, the first alternative offers a (suboptimal) 
stationary health state with a given duration (x), 10 
years in the present study. A better health status 
(conventionally perfect health) of shorter duration 
is offered as the competing alternative, convention­
ally followed by death. The point of indifference is 
reached by varying the duration spent in perfect 
health (j>). Subsequently, by combining x and y, the 
value of the stationary health state can be estab­
lished (y/x). For reasons already mentioned, we 
replaced “being dead” by “worst imaginable health 
state” in the present study (Krabbe et al., 1996). 
The optimal health state was phrased as “best ima­
ginable health state”. For both options the health 
state would return to its present form after ten 
years.
i
Willingness-to-pay ( WTP)
The willingness-to-pay task in our study started 
by confirming the average budget situation of the 
medical students participating in the experiment. A 
monthly budget of $725 (standard study grant of 
1200 Dutch florins given by the government, 1993) 
could be spent after subtraction of the rent for a 
room and fixed costs for food, heating, clothing etc. 
(500 Dutch florins). Respondents were asked to 
imagine that they were in a certain impaired state 
of health and asked what amount they were willing 
to give up permanently to return to their previous 
(healthy) condition. This operationalisation was 
chosen after piloting available alternatives.
Paired comparisons (PC)
Paired comparisons is a scaling method consisting 
of a two-step procedure (Mclver and Carmines, 
1981), PC is especially developed for scaling uncon- 
catenate subjective attributes (such as: food, poli­
ticians). As in the three trade-off methods, the 
participant is confronted with two outcomes, but 
here preference is required rather than trying to 
achieve a point of indifference. The data on individ­
ual preferences between all possible pairs of health- 
state descriptions allow for the construction of a 
matrix of \/2(n(n-l)) preferences, expressed as 
probabilities. The probability in every cell of the 
matrix is the proportion of the “row” health state 
being preferred to the “column” health state by the 
judging panel. As a second step, transformations 
and computations based on scaling theory, con­
struct a unidimensional interval scale of health 
states.
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In this experiment, the 13 health states to be 
scaled, comprised a considerable number of paired 
comparisons consisting of so-called dominant pairs,
i.e. one of the two health states is objectively “by 
definition” better than the other health state (e.g. 
“12232” is more severe than “12132”). Out of 78 
possible pairs* 43 pairs were dominant. For reasons 
of efficiency only the remaining 35 non-dominant 
pairs (45% of all the possible pairs) were valued.
After the standard forced choice comparison, we 
requested a graded choice (scale 1...9: 1 = strong 
preference health state A, 5 = indifferent, 9 ~ 
strong preference health state B) (see also Hadorn 
et a l 1992).
ascertain equivalence of presentation, of expla­
nation, etc.
In order to detect differences associated with 
characteristics of the methods themselves, we con­
trolled for the following:
1. factors related to the health states (such as prog­
nosis) were kept constant;
2. factors related to the subjects who performed the 
valuation tasks (age, education, experience with 
illness) were kept constant by selecting a hom­
ogenous panel; and
3. characteristics of presentation of the health-state 
descriptions (order, framing, layout, instructions) 
by written protocols and training.
ORGAN ISAT ION  AND TESTING CONDITIONS
The experiment included two sessions, separated 
by a 10-day interval. The same group of 104 stu­
dents participated in both sessions. Students were 
recruited by handouts. For full participation they 
were paid a fee of approximately $65 (1993). Data 
collection took place in a 1 group, since another 
objective of the experiment was to study the equiv­
alence of collectively and individually collected re­
sponses (published elsewhere; Krabbe et al., 1996). 
Both sessions consisted of a sequence of valuation 
tasks deliberately interspaced with unrelated ques­
tionnaires, e.g. on the moral acceptability of genetic 
manipulation. From pilot studies with other partici­
pants we learned that weariness and even irritation 
due to monotony had to be prevented by alterna­
tion of tasks and the inclusion of breaks.
All participants were seated in a lecture hall with 
due space between them. Each different method was 
preceded by a similar verbal explanation of the 
method and a few test judgements. The descriptions 
of the health states to be valued were always pre­
sented by slide projection. During the presentation, 
the instructors (GJB, MLE-B) repeated the nature 
of the particular method for each valuation to 
avoid blurring of the concepts.
Values for the methods RS and WTP were eli­
cited during the first session, SG and TTO during 
the second session. The collection of the PC method 
responses were divided over the two sessions (both 
PC forms alternate for each health state).
Responses were collected by pencil and paper for 
RS, SG, TTO and WTP, and by means of an elec­
tronic response system (standard PC: choose A or 
B) for the two types of PC methods. For SG each 
participant responded by dividing a “probability 
pie” into two complementary parts. The task for 
TTO was to divide a “duration bar” into two parts.
All the separate tasks were pretested with other 
panels and a detailed work schedule was used to
*[(n(n - 1)) =  J(13 X (13 -  1)) = 78.
ANALYSIS
Outcomes of the RS, SG, TTO and WTP 
methods were transformed by linear transformation 
to a uniform 0-100 scale (RS = score; 
TTO = 10 X score; SG = 100 x score in degrees/ 
360; WTP - [DF1.1200 - DF1.500 - score]/7).
To analyse the partial preference matrix of the 
PC task we used Thurstone scaling (Hadorn et al., 
1992; Torgerson, 1958) to derive a unidimensional, 
interval scale of health-state preferences. For the 
graded paired comparisons task, we computed the 
average preference rating (APR) as described by 
Hadorn et a l (1992). We included all the responses 
for each of the five methods, although they were 
not fully complete due to missing values (see 
below).
If a valuation method is cognitively easy to 
handle and clear to understand (feasibility), it might 
be expected that in dominant pairs of health states, 
the better state is preferred. If this is not the case 
the results are viewed as inconsistent. In order to 
study inconsistencies in the valuation of dominant 
pairs, we computed distances between the dominant 
health state and the secondary health state for all 
relevant pairs. According to our definition, the dis­
tance between vignettes “33332” and “11112” is the 
summation of the level differences for the five 
dimensions. For this example the distance is: 
(3 — 1 =)2 for dimension one-four and is (2 — 2 = )0 
for the last dimension, yielding a total distance of
8. Vignette “33332” had the largest distance in re­
lation to vignettes “ 11112”, “11121”, “ 11211”, 
“12111”, and “21111”. Respectively the smallest 
distance was between vignette “ 11122” and two 
vignettes “11121” and “11112”.
Validity—simple. Convergent validity between the 
methods, based on the mean values of the health 
states, was investigated by Pearson’s product- 
moment correlation coefficient and Spearman’s 
rank correlation coefficient. The first statistic is suit­
able for interval or ratio data while the second stat­
istic is more appropriate for ordinal data or for
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Table I. Mean values and standard deviations for the 13 health states (aí = 97-104; between parentheses SG order) by the four methods
(all linearly transformed to 1-100)
Standard gamble“ Time trade-off*1 Rating scalec Willingness-to-payd
Mean SD Mean SD Mean SD Mean SD
12111 (1) 96.2 5.3 94.4 (1) 8.8 68.2 (5) 12.8 89.5 (1) 9.1
11211 (2) 95.6 4.4 92.6 (4) 7.7 73.4 (1) 11.7 86.8 (3) 11.2
21111 (3) 94.5 7.0 92.8 (3) 8.7 71.7 (2) 10.1 83.1 (5) 14.6
11112 (4) 93.8 12.3 93.6 (2) 8.0 70.3 (3) 11.8 87.2 (2) 13.9
U121 (5) 93.3 8.9 91.8 (5) 8.6 70.2 (4) 12.7 86.3 (4) 14.6
11122 (6) 89.0 13.5 86.0 (6) 11.0 55.0 (6) 12.0 81.1 (6) 15.6
12212 (7) 81.7 15.1 78.6 (7) 14.4 47.0 (7) 12.7 75,9 (7) 13.9
32211 (8) 79.2 18.6 73.1 (8) 18.6 41.2 (8) 12.8 65.3 (8) 19.1
21232 (9) 65.2 22.8 59.0 (10) 20.3 31.1 (9) 14,2 60.1 (9) 19.2
22323 (10) 64.5 23.7 61.0 (9) 22.6 24.6(11) 13.0 59,5 (10) 17.5
33321 (11) 53.6 26.5 47.8 (11) 24.0 26.4(10) 12.7 58.6(11) 18.4
22233 (12) 51.5 28.4 44.9 (12) 24.7 22.1 (12) 13.4 52.0 (12) 18.4
33332 (13) 34.4 25.3 27.8 (13) 23.4 10.7 (13) 9.0 45.6 (13) 18.9
Range mean 61.8 66.6 62.7 43.9
Mean SD 16.3 15.5 12.2 15.7
:|SG; scores transformed as: SG - 100 x score in degrees/360; 
bTTO; scores transformed as: TTO - 10 x score;
CRS; untransformed scores;
dWTP; scores transformed; recoded as: WTP = (700 — WTP original)/7.
data of higher measurement level that does not 
satisfy requirements for r. To test exact concor­
dance of continuous data, we also computed intra­
class correlation coefficients (ICCs). ICCs include 
level effects between different measurements. These 
three coefficients for convergent validity were all 
computed based on the mean values for the 13 
health states.
Validity— construct. To study construct validity 
for the four direct valuation methods (PC could not 
be included being an indirect scaling method, yield­
ing a different type of data) we applied the multi- 
trait-multimethod methodology (MTMM) on the 
individual responses (Crocker and Algina, 1986; 
Hadorn and Hays, 1991). Based on a matrix repre­
senting all the intercorrelations between multiple 
traits (13 health states) and multiple methods (RS, 
SG, TTO, WTP), four classes of correlations can be 
distinguished (see Appendix A).
Validity— corner lability. We examined the nu­
merical comparability among the methods. If valua­
tion methods are not equivalent (i.e. they do not 
give the same values for instance, intraclass corre­
lations coefficients are not high), perhaps values are 
related in some systematic way so that conversion 
curves can be constructed. Power functions [method 
Y = 1 -(1 -method X)% similar to Torrance 
(Torrance, 1976), were therefore estimated relating 
mean values of the 13 states for all six pairs of 
methods. Computations have been performed by 
the non-linear regression module of SPSS for Win­
dows.
*The reason for this exchange is that we are dealing with 
data that stems from a so-called stimulus-scaling task 
(see Froberg and Kane, 1989b).
Measurement err or j reliability. We used Generali- 
sabiiity Theory (G-theory) as a general approach to 
estimate the relative contribution of the multiple 
sources (facets in G-theory language) to measure­
ment error/bias (Streiner and Norman, 1995; 
Krabbe et a l 1996). G-theory is a specific appli­
cation of analysis of variance (ANOVA) and 
requires individual data. In the present case, the 
relative contribution (variance components) of the 
facets “health state”, “method” and “participants”, 
their interaction terms as well as all other facets of 
measurement error, were estimated separately.
Furthermore, G-theory was used to estimate re­
liability coefficients for the separate methods. These 
reliabilities are closely related to the internal con­
sistency concept (Cronbach’s alpha). Although 
instead of the stimuli (health states), here the re­
sponses of the participants to the stimuli as they 
were elicited by the valuation methods were tested.* 
Hence, agreement among participants was estimated 
rather than similarity of items (health states). G- 
theory is a method which treats valuations at inter­
val measurement level. In order to study the in­
ternal consistency reliability among the participants 
in their valuation of the set of 13 health states, but 
treating the valuations as rankings, Kendall coeffi­
cients of concordance JW were determined (Siegel 
and Castellan, 1988), concurrent with the G-study.
RESULTS
Response
Of the 104 participants in this study, 46% were 
male. All were students, 71% were medical stu­
dents. Mean age of the group was 22 (SD = 2.48) 
years. RS, SG, TTO and WTP each took about 15 
minutes to complete. The responses of all 70 PC
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Fig. '1. Valuations (means) for the 13 EuroQoI health-state descriptions elicited by the four methods
(ordered by standard gamble values).
pairs (35 standard and 35 graded) using the voting 
system took about 90 minutes. Judging from par­
ticipants5 remarks and from the absence of learning 
effects, we regarded memory effects to be highly 
unlikely, The feasibility of these experiments was 
satisfactory, although at the end some participants 
complained of weariness. Few responses were miss­
ing,
Descriptive statistics and consistency measurement
The results of the paired comparisons method 
proved to be unstable. If the empirical data were 
changed in only a minor way this resulted in a 
major alteration of the unidimensional scale. The 
background to this was the decision to leave out 
the apparently dominant pairs from the empirical 
task, leaving the relatively difficult ones to be 
measured and scaled, Empty cells were substituted 
with “expected” preferences, but this approach also 
yielded unstable results and was therefore rejected. 
Thus no results from the PC method will be pre­
sented in this paper.
Table 1 shows the results (means and standard 
deviations for each health state and overall means 
and ranges for the methods) of the experiment for 
the four remaining methods. The order of presen­
tation of the 13 health states in Table 1 is arbitra­
rily based on the SG values. Mean valuations for 
the 13 health states for the four methods are shown 
in Fig. 1,
A summary of the measures for inconsistency (in­
dividual level) is presented in Table 2. As expected, 
the inconsistency was highest for the pairs with the 
smallest distances. Average inconsistency for the 
methods SG and TTO was almost the same (4.6%
and 4.3%, respectively). In RS it was lower (2.0%) 
and in WTP higher: 7.4%. We observed a 50.5% 
inconsistency for the method WTP for the two 
dominant pairs with distance 2.
Validity
Figure 2 shows the correlations between the four 
methods as a first estimate of convergent validity, 
The Pearson product-moment correlation coeffi­
cients were high and close to 1.0 for all the six re­
lationships between the four methods. Spearman 
rank correlations were slightly lower than the inter­
val-based Pearson product-moment correlation 
coefficients. In Fig. 1 the four lines do not match 
but are parallel. ICCs were much lower than the 
Pearson and Spearman correlations, particularly for 
the relationship between RS and the other methods, 
suggesting important level effects.
Table 2, Percentages of inconsistencies between dominant pairs“ of 
health states for each of the four methodsb (n = 97-104)
Distance Number of pairs RS SG TTO WTP
1 2 12.5 21.6 17.8 50.5
2 5 10.6 13.7 12.1 21.9
3 5 6.2 8.5 6.3 11,5
4 7 3.2 7.1 5.1 7.8
5 3 2,6 4.8 5.4 4.5
6 15 0.4 2.9 3.0 6.3
7 1 1.0 0.0 1.9 1.9
8 5 0.0 1.9 2.3 2.9
Total 43 3.4 6.3 5.5 10.6
Weighted total0 2.0 4.6 4.3 7,4
“Total number of valuable dominant pairs: 43 x 104 
bRS «  rating scale, SG = standard gamble, TTO
4472;
time trade­
off, WTP - willingness-to-pay;
“ « . I !  S U M ( n u ^ l ±  *  T O
of inconsistencies x N ) 
number of pairs)
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Fig. 2. Convergent validity measured by correlation measures (p = product-moment Pearson corre­
lation, pr = Spearman rank correlation, ICC = interclass correlation) between the health-state values 
for the four methods based on the mean values (means of Table 1, n — 13) and functional relationships 
between the four elicitation methods studied by non-linear regression analysis (power function); the 
entry labelled R2 is the coefficient of determination and may be interpreted as the proportion of the 
total variation of the dependent variable around its mean that is explained by the fitting model. .
Due to specific patterns (see Conclusions and dis­
cussion) between the correlation coefficients of the 
data computed for the MTMM methodology, only 
a partial analysis was valid. This is presented in 
Table 3 which shows that convergent validity 
(monotrait-heteromethod coefficients)* was reason­
ably good for all the health states across the 
methods SG and TTO (overall: 0.69). All other 
comparisons between the four methods showed low 
convergent validity (overall: 0.15 — 0.25). 
Coefficients for the comparisons between trade-off 
pairs WTP/SG and WTP/TTO were even lower 
than for RS/SG and RS/TTO. No particular pat­
tern could be detected by inspection of the means 
of the convergent validity coefficients of the 13 
health states in Table 3.
Except for WTP, values of all the other methods 
appeared to be exchangeable after a one-parametri­
cal (a) power transformation. The percentage of 
variance explained by the power functions was: RS
= f{ SG), 96%; RS = ATTO), 96%; TTO - /(SG), 
99%. Accuracy of predictions including WTP was 
considerably lower: RS = /(WTP), 85%; WTP — 
j{SG), 77%; WTP = /(TTO), 71%. All plots of RS
*Because these correlation coefficients are based on the 
analysis of individual values for the 13 health states of 
the four methods, such correlations are therefore 
always lower than (Pearson PM) correlation coeffi­
cients based on aggregated mean data (e.g. Fig. 2).
with the trade-offs showed concave power functions 
(oi = 0.37-0.51), the other functions were approxi­
mately linear (a = 0.81-0.93).
Measurement error and reliability
The initial analysis on the individual raw scores 
demonstrated that only 44.8% of the total variance 
was attributed to the variability of the 13 health 
states (H) scores (see Table 4). A small percentage 
of variance, 4.7%, was accounted for by systematic 
differences in valuations of the health states by the 
facet participants (P). This relatively small contri­
bution indicated that, averaged over all the health 
states and all the methods, the participants valued 
the health states only slightly systematically differ­
ently. Twenty percent of the total variance stemmed 
from the facet methods (M), which was in particu­
lar attributable to the divergent magnitude of the 
RS valuations. Overall, 17.4% of the total variance 
was attributable to the first-order interaction terms 
(HP, HM, PM). The interpretation of, for instance, 
the interaction term HP is that some participants 
valued some health states systematically differently. 
Only 13% of the total variance came from the 
three-way interaction HMP, which suggests a satis­
factory explanation model for this data set.
Additionally the individual values for the health 
states were transformed to method-specific z-values. 
Absolute differences between the four methods (M), 
especially between the RS and the other methods,
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Table 3. Convergent validity (monotrait-heteromethod validity correlations — same health state assessed by different methods) for the 13
health states and the four methods'1 based on the individual values (« =* 91)
12111 11211 21111 11112 11121 11122 12212 32211 21232 22323 33321 22233
Mean 
33332 methods0
Comparison
0.20 0.22 0.17 0.22RS vs SG 0.46 -0.03 0.08 0.27 0.20 0.28 0.07 0.14 0.12 0.25
RS vs TTO 0.36 0.07 0.22 0.19 0.20 0.33 0.20 0.19 0.18 0.33 0.20 0.20 0.10 0.23
RS vs WTP 0.10 0.32 0.26 0.29 0.23 0.40 0.19 0.24 0.33 0.07 0.21 0.13 0.19 0.25
SG vs TTO 0.63 0.66 0.72 0.59 0.84 0.77 0.52 0.65 0.67 0.74 0.73 0.70 0.67 0.69
WTP vs SG 0.16 0.14 0.14 -0.02 0.29 0.16 0.12 0.13 0.07 -0.03 0.17 0.15 0.10 0.15
WTP vs TTO 0.25 0.18 0.19 0.19 0.24 0.25 0.09 0.21 0.17 -0.04 0.12 0.11 0.07 0.18
Mean correlations between the 
four methods per health stateb
0.37 0.32 0.34 0.31 0.40 0.41 0.25 0.32 0.33 0.35 0.34 0.32 0.30
l,RS = rating scale, SG •» standard gamble, TTO = time trade-off, WTP = willingness-to-pay;
bFor each health state and for each comparison between two methods the square root of the mean of the squared correlations was com­
puted to summarise the rows/columns with correlation coefficients.
were eliminated by this standardisation, yielding by 
definition zero variance for the factor methods (M) 
and increasing the percentage of variance uniquely 
attributable to the health states (H) to 72%.
The results of the G-study for each of the methods 
separately are shown in Table 5. For the WTP 
method more than 30% of the total variance was due 
to systematic differences between participants valu­
ing the 13 health states, which was high compared to 
the other methods. Additional inspection of the data 
revealed that the relatively great contribution of sys­
tematic differences for WTP between the participants 
was reducible to two response patterns. One response 
pattern consisted of a small trade-oif of the budget 
except for the very severe health states, for which 
almost the whole budget was exchanged to remain in 
full health. The other response pattern showed 
exchange of almost the whole budget for even moder­
ately bad health states (insensitivity for the stimulus, 
e.g. due to cognitive difficulty).
The variance components of the health states (H) 
can be regarded as (standard) reliability coefficients, 
assuming interval metric properties of the data. RS 
was the method with the highest reliability: 0.77. 
The reliability for WTP, 0.49 was low.
Non-parametric statistics revealed higher coeffi­
cients. For all the four methods there was good
*An alternative study based on a set of 13 health states 
selected by a restriced inclusion criterium (for example,
13 EuroQoI health states, without level 3) would 
induce a decline of the proportion of variance (Tables 4 
and 5) for the facet “health states” and consequently 
yield lower reliability coefficients. However, we were 
not interested in the characteristics of valuation 
methods for a specific domain of health states. The 
selection of the health states was deliberately worked 
out to evenly cover the continuum between 0  and 1 0 0 , 
which enables us to study the “behaviour” of the par­
ticipants for the valuation methods on the whole range 
of possible health states. In this context we are particu­
larly interested in the comparison between the 
methods. The inclusion of a set of health states with a 
restricted range would have certainly decreased the 
proportion of variance contributed to the health states, 
but would also obscure the division between the 
methods.
agreement among participants in their ranking of 
the health states (Kendall’s Watest; n = 91). The 
highest agreement, 0,83, was achieved by the RS 
method. Agreement using SG was sufficient: 0.75. 
For TTO and WTP the coefficients were 0.77 and 
0.80, respectively.
CONCLUSIONS AND DISCUSSION
Under highly controlled conditions we conducted 
an experiment with five valuation methods. Design 
characteristics aimed at maximal standardisation 
except for the two manipulated effects, i.e. health 
states and valuation methods. We assumed these to 
be responsible for the observed effects. Although we 
were able to control for many factors, other factors 
may still have influenced the results.
In this study, session effects are the most concei­
vable ones. Generalisation of the study results may 
be further restricted due to the composition of the 
panel that performed the valuation tasks and to the 
selection of the 13 health states. A different selec­
tion of respondents could lead to different results, 
although several studies have shown that these 
effects in this context are minor (Essink-Bot et al 
1993; EuroQoI Group, 1990). The selection of the 
health states may have to some extent influenced 
the results of this study, although we expect the re­
lationship between the methods to be hardly influ­
enced because the sample of the health states was 
well chosen.*
Table 4. Estimated variance components (percentages) of health
states (13) x participants (91) x methods (4)
Source of variation
Variance components
Raw scores
Individual scores 
transformed for each 
method to z-values
Health states (H) 44.8 72.0
Methods (M) 20.0
Participants (P) 4.7 0.7
HM 2.3 2.0
HP 8.0 8.8
PM 7.1 1.2
Residual (HMP, e) 13.1 15.3
“By definition.
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Table 5. Estimated variance components (percentages) of the 
health states (13) x participants (91) for each method“ separately
Source of variation
Variance components
RS SG TTO WTP
Health states (H) 77.0 57.6 64.6 48.9
Participants (P) 5.5 11.8 9.9 31.4
Residual (HP, e) 17.6 30.6 25.5 19.7
u RS = rating scale, SG = standard gamble, TTO = time trade­
off, WTP = willingness-to-pay.
We will first clarify the unexpected outcomes of 
the WTP method and the problems that we con­
fronted using the PC scaling method. We will then 
discuss the comparability of the methods and their 
reliabilities. Finally we will consider the compli­
cations we encountered when studying construct 
validity using the MTMM methodology.
We found it difficult to proceed with the WTP 
method, even among this homogeneous and highly 
educated population and despite our controlled 
study design with extensive explanation and test 
questions. Two typical response patterns appeared 
to determine the reliability and the range of the re­
sponses. Thus the WTP results were not satisfac­
torily comparable to the other trade-off methods 
despite satisfactory regression results and inter­
method comparability on first sight. Although a lin­
ear transformation of the mean WTP values to SG/ 
TTO was technically possible, WTP in our opera­
tionalisation was found to be an inferior method 
with an unacceptably low reliability. Even more 
worrying was the amount of inconsistency found 
between the dominant pairs of health states. 
Evidence from the few studies that have focused on 
WTP is difficult to interpret due to variability of 
concepts used, the small samples, and the small 
number of health states which do not allow for 
sound statistical testing (Thompson et a l, 1982, 
1984; Thompson, 1986; O’Brien and Viramontes, 
1994; Chestnut et al., 1996). Unless it is possible to 
improve the operationalisation of WTP it may have 
to be regarded as an unfeasible method. Perhaps 
therefore, the concept of WTP is only valid in real 
life situations (sometimes called revealed preference 
or averting behaviour method) and not suitable 
under experimental conditions.
Serious problems were also encountered with the 
PC scaling method as it did not provide stable out­
comes for both the PC variants (standard, graded).
*To the initial 16 constructed health states they excluded 
the two anchor states (no suffering— no limits, severe 
suffering— severely limited), which resulted into 1/ 
2(14 x (14 — 1)) — 91 pairs of vignettes to be com­
pared, The authors reported that despite the domi­
nance restriction, 54 pairs remained to be assessed 
(after reconstruction of their design we arrived at 50 
pairs). Therefore, at least 37 pairs were not valued as it 
was thought that one of the health states of such a 
pair was manifestly dominant.
The underlying difficulty with the application of PC 
is the high number of pairs to be valued with a 
complete design and the probability of bias in 
dominant pair evaluation. Due to the partially 
ordered nature of our stimuli, we could not over­
come the problem with the relatively high number 
of empty cells (dominant pairs) (MacCallum, 1978).
Hadorn et a i (1992) applied PC with a partial 
design with apparently more success (n = 93). In 
our analysis the factor critical to failure appeared 
to be the number of dominant pairs and the level of 
complexity of the classification. Hadorn et a i used 
only two dimensions (i.e. “pain or physical suffer­
ing” and “limitations on daily activities”) with four 
levels each (EuroQoI: five dimensions, three levels) 
and only selected relatively comparable pairs of 
health states. Therefore their PC analysis was based 
on an incomplete and selective design of 54 (59%) 
of the total number of pairs.* Reconstruction of 
Hadorn’s design revealed that still 40% of these 54 
pairs were dominant pairs (in our design 0%). 
Moreover, no mention was made by Hadorn et al 
of the stability of the PC method for scaling of 
health states based on their incomplete design nor 
did they report the effect of the substitution of 
empty cells with “expected” preferences.
A surprising finding was the performance of the 
MTMM methodology in this context. The method 
was advocated by Froberg and Kane (1989c) for 
good reasons and empirically applied by Hadorn 
and Hays (1991). In retrospect, our failure with 
MTMM can be explained by the characteristics of 
data yielded by the process of valuing “subjective” 
stimuli such as health states as opposed to the more 
common situation where participants have to reveal 
their opinion on, for instance, the attractiveness of 
consumer goods with “latent” indivisible character­
istics. In our study, health states have “manifest”, 
ordered domains. If  dominance exists, as is the case 
here, then the usual MTMM analyses are not ade­
quate. Correlations between the health states then 
show a special structure indicated as a “simplex 
structure” (Joreskog and Sörbom, 1979), The typi­
cal property of a simplex correlation matrix is that 
correlations decrease as one moves away from the 
main diagonal Valuations of health states that were 
of the same severity will show moderate between- 
method correlation, but valuations of health states 
that were different in severity (e.g. “21111” vs 
“33321”) show no correlation at all (as was 
observed in our data). MTMM analysis requires at 
least moderate or low correlations among all health 
states elicited by one and the same method.
Hadorn and Hays (1991) presented an early ap­
plication of MTMM analyses. Six aspects of health- 
related quality of life (HRQOL) were investigated 
(i.e. general health perception, physical suffering 
etc.). Participants (n — 76) were asked to provide 
preference ratings (valuations) by judging the effects 
of different levels of problems or impairments on
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each of the six dimensions on overall quality of life. 
This task was performed for three different assess­
ment methods, developed by the authors them­
selves. As a result of their different strategy which 
was not dealing with the valuation of health states 
but with eliciting individual preferences for separate 
aspects of HRQOL, the problem of the simplex 
structure that we encountered with MTMM was 
absent. After some consideration we judge MTMM 
incompatible with data analysis of standard n (inde­
pendent domains) x p (ordered levels) classification 
systems.*
We investigated the convertibility of the methods 
straightforwardly applying simple algebraic power 
functions. Torrance (1976) reported a power re­
lationship RS = 1 — (1 — TTO)“ between RS and 
TTO with a coefficient of 0.62 (R2 = 0.80) based on
18 means of valued health-state scenarios 
(n = approx. 200). In a study by Stiggelbout et al. 
(1996) a coefficient of 0.64 was presented. Loomes 
(1993) found a coefficient of 0.55 based on a sec­
ondary analysis of data by Bombardier et a i 
(1982). We found, based on 13 mean values, 
a = 0.42 (R2 = 0.96) for the power function. 
Busschbach (personal communication, 1996) 
reported similar results, namely a — 0.47 
(R2 =* 0.95; n — 103). Different coefficient values 
may be the result of many factors. Of the 18 scen­
arios in Torrance's study, none were valued very 
low or high, which may have caused the higher 
power coefficient. The study of Stiggelbout et al., 
even more than Torrance’s study, lacked a broad 
range of health states because each respondent 
valued only his/her own health state, Other factors 
that could be responsible for different outcomes 
are: the composition of the valuation panels, the 
instruction to the panel and the classification system 
used.
We conclude that valuations of health states 
based on rating scales are distinct from but strongly 
related to outcomes derived through trade-off 
methods. Trade-off methods elicit values expressing 
an individual’s preference for a particular health 
state under a condition where something has to be 
sacrificed (e.g. change on good outcome, life-years, 
budget), Rating scale methods however are based 
on the comparison of different health states. RS 
values express the subjects’ internal representation 
of health states in a stable world where the actual 
health of the respondent probably plays a major 
role as a reference point,
The choice of which type of values is to be used 
depends largely on the perspective of application. 
From the individual perspective, generally directed
*The following two formulas relate to this topic. The 
number of pairs that can be achieved based on a 
descriptive system of p levels and n domains is 
For computing the number of dominant pairs the for­
mula is - ptt.
at decisions on change, trade-offs seem more appro­
priate to elicit valuations. For collecting societally 
grounded health-state valuations the RS method 
presumably is a feasible tool, particular if orderin 
of health states is the restricted goal. Use in the 
context of societal decisions theoretically requires 
power transformation.
The reliability coefficients estimated by the G- 
study showed lower reliability for all the methods 
in comparison with Kendall’s W concordance coeffi­
cient based on ranks. Reliability of a G-study takes 
not only the ordering of health states into account 
but also the distances between health-state values. 
This explains why, in the case of WTP, the G-the­
ory reliability coefficient was only 0.49 vs the 
Kendall’s W of 0.80. Reliability was satisfactory for 
SG and TTO. In this study the RS method showed 
a reliability even higher than the two standard 
methods (see also Torrance, 1986),
Taken together, a valid comparison of more than 
two valuation methods under highly controlled con­
ditions is feasible and a simple power transform­
ation suffices to describe the value function between 
health-state valuation methods. The RS method is 
in this sense almost congruent to SG and TTO.
Two interesting “negative” outcomes require 
further study. First, the PC method proved to be 
not applicable due to the dominant pairs of health 
states. Valuations of only non-dominant pairs of 
health states impairs accurate estimation of scale 
values. Inclusion of all pairs of health states yields 
highly flawed results. Also, the MTMM method­
ology appeared not to be suitable for essentially the 
same reason as the failure of the PC method.
Future consideration might be given to whether 
there are other techniques/methodologies that are 
potentially valuable for the elicitation of valuations/ 
preferences for health states. Unfolding analysis 
could be such a technique (Coombs, 1950; Lewis- 
Beck, 1995). It is fully focused on the analysis of 
preference data. Additionally, a methodology used 
with good results in a small number of fields is 
functional measurement (Anderson, 1976) and con­
joint analysis (Louviere, 1988). A specific example 
of its implementation is the multi-attribute appli­
cation of Torrance et a l (1982). But most of all 
well structured experiments and studies are needed 
to clarify the numerous indistinct concepts and 
assumptions related to the use of health-state valua­
tion methods.
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APPENDIX A
Multitrait-multimethod Methodology
Originally this methodology was introduced by Campbell 
and Fiske (1959). They identified four classes of corre­
lation coefficients. Firstly, monotrait-monomethod re­
liability correlations (health states measured twice for each 
method separately: test-retest). Secondly, heterotrait- 
monomethod correlations (different health states for the 
same method). Thirdly, heterotrait-heteromethod corre­
lations (different health states assessed by different 
methods). Finally, monotrait-heteromethod validity corre­
lations (same health state assessed by different methods). 
Using MTMM, construct validity is supported if corre­
lations among different methods are high for a single trait 
(convergent validity), but correlations between the same 
methods measuring different traits are low (discriminant 
validity). Although Campbell and Fiske recommended 
visual inspection of the MTMM matrix for assessment of 
construct validity, recent additional modelling procedures 
(e.g. confirmatory factor analysis) have been developed 
which may lead to more unequivocal interpretation of 
such data (Schmitt and Stults, 1986; Jöreskog and 
Sörbom, 1989). We have performed analyses based on 
both classical Campbell and Fiske criteria and by using 
confirmatory factor analysis.
For the basic MTMM model based on confirmatory factor 
analysis, we treated each of the 13 health states as separate 
traits and the four valuation methods as separate methods. 
Another model was estimated by constructing three clus­
ters of health states (mild, moderate, severe) as three sep­
arate traits. Models were also estimated assuming 
dependency (correlation) between the methods. For all 
models, various transformations (logit, arcsine, rescaling) 
of the data were used. However, none of these models led 
to meaningful outcomes as a consequence of the specific 
structure of the correlation matrix (see Conclusions and 
discussion).
All data available from the authors.
